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Introduction 
Recently, intensive water quality monitoring has demonstrated the presence of nitrate 
(N03-N) in surface and groundwater throughout the Midwestern U.S. (Hallberg, 1989). 
Des Moines municipal drinking water originates from shallow wells in the Des Moines River 
riparian zone. Therefore stream water quality, N03-N and pesticide concentrations in particular, 
are a sensitive issue. It is apparent that the public perceives that the high N03-N levels are a 
recent problem that must be dealt with immediately. The city of Des Moines has recently 
installed an ion exchange facility at a cost of several million dollars to remove N03-N from the 
drinking water when it exceeds the 10 mg 1-1. 
A common perception is that N03-N contamination of surface and shallow groundwater is 
closely related to the large increase in fertilizer nitrogen (N) use over the past five decades. This 
perception has been supported by research articles that make the apparently obvious connection 
between fertilizer N use and surface water N03-N (Smith et al., 1987). 
A recent study in Kentucky investigated stream N03-N concentrations in 1971 and again in 
1990 (fhomas et al., 1992). During this period fertilizer N use doubled, but there was no change 
in stream N03-N concentrations. Attempts to predict the cause and occurrence of N03-N 
loading of the Des Moines River based on existing weekly and biweekly data (Naylor, 1975) have 
met with little success due to the complex series of lag times and biochemical processes that occur 
between rainfall, runoff, and subsequent N03-N loading of the river. Weekly or biweekly grab 
samples can not account for the short term influence storm events on N03-N concentrations. 
A complete version of this manuscript will be released in the Journal of Environmental 
Quality in 1993. 
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Nitrogen fertilizers were not widely used in Iowa until the 1950s yet measurable N03-N 
concentrations were detected in the Des Moines River in the early 1900s when N03-N was first 
measured with some regularity in the river (Hershey, 1955). Additionally methemoglobinemia 
was first associated with N03-N contamination of rural drinking water in Iowa in the 1940s 
(Comely, 1945). 
This report investigates some historic N03-N records for the Des Moines River Basin from a 
time of little or no N fertilizer use and compares them to recent N03-N and flow records in an 
attempt to better define the major sources of high N03-N levels in the Des Moines River. The 
goal of this is to obtain a better understanding of how agricultural practices in the basin might be 
altered to lower the N03-N concentrations in the Des Moines River. 
Description of the Upper Des Moines River Basin 
The Des Moines river basin is dominated by cropland with some pasture and forests along 
secondary and tertiary drainages. More than 80% of the land within the basin is devoted to 
agriculture. The Des Moines River drains 3.75 million ha of land in Minnesota,Iowa, and the 
northeastern tip of Missouri before discharging into the Mississippi River (Figure 1) and covers 
23% of Iowa's land area. Our report centers on that portion of the basin above the United 
States Geological Survey (USGS) gaging station at Runnells, approximately 15 km southeast of 
the city of Des Moines. This sub-basin accounts for about 85% of the river basin and 19% of 
Iowa's land area. 
The land area above the Runnells station consists of approximately 78% cropland (primarily 
com and soybeans), 9% pasture land, 3% forest, 5% urban area (including roads and railroads), 
and 1.4% water (fable 1). In addition, approximately 4 million head of livestock (cattle and 
swine) are managed within the basin. 
An intense network of subsurface tile drains and surface drainage ditches was established in 
the late 1800's and by 1938 only 20,250 ha of the original 1 to 2 million ha of prime wetland 
remained in Iowa (Bishop, 1981). By the 1980s an estimated 14,770 ha of prime wetland was 
reported in Iowa (Bishop, 1981). 
Nitrogen inputs to the basin come from N fertilizer application, N fixation by leguminous 
plants, human and animal wastes, urban runoff, and rainfall. The estimated relative 
contributions from the major sources are summarized in Table 2. It is assumed in this assessment 
that theN present in livestock manure within the basin originates from grass, legume, and grain 
N which was produced in the basin. Though this is an over simplification of N budgeting, it 
avoids double accounting of N in the basin by assuming that the total N imported as feed is 
exported as animal products. 
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Study Approach 
Des Moines River N03-N concentration and flow were obtained from several sources. 
Bi-weekly and weekly N03-N concentrations and stream flow data for the past 11 years were 
obtained from the Iowa Department of Natural Resources. Only a single year of weekly to 
biweekly N03-N monitoring data (Hershey, 1955) for the Des Moines River at the city of Des 
Moines was available prior to 1970 (1945, a pre-commercial fertilizer use year). Two additional 
years of stream flow and water quality data for the Des Moines River at Des Moines which 
contained at least monthly observations came from USGS data (USGS, 1955; 1976). 
To avoid the complicating short-term effects of storm events on non-continuous water 
quality data, we performed simple linear regression on average annual flow versus N03-N 
concentration for the past 11 years. Yearly averages are based on water year (October 1 to 
September 30). Using a linear relationship we attempt to predict N03-N concentration based on 
flow. Accounting for sources and sinks of N in the basin is also given in attempt to assess the 
greatest contributors of N03-N in 1945 and today. 
Results and Discussion 
Flow and N03-N Relationships 
Table 3 presents average and maximum N03-N and flow values for the Des Moines River for 
several years. Average annual N03-N levels never exceed the 10 mg 1-1 MCL (maximum 
contaminant level), but this level was exceeded several times during the period of record. In a 
wet year following a prolonged drought, such as in 1989 and 1990, N03-N loading is likely to be 
higher than the long-term average. 
Regression of annual means of flow vs annual N03-N concentration in the Des Moines 
River yields a positive (r2 = 0.60,P < 0.01) relationship (Figure 3). When the 1945 flow and 
average N03-N (5.0 mg 1-1) are placed on the graph in Figure 3 the point falls very close to the 
predicted value. The 1945 N03-N value also compares well to the average annual N03-N 
concentration of 5.6 mgl-1 for 1980-1990 period. 
Two additional years of data from 1955 and 1976 are also presented (fable 3), however, the 
monitoring was conducted only on a monthly basis. The regression equation in Figure 3 fairly 
closely predicts N03-N concentrations for both years. 
Potential Sources of Surface Water N03-N 
Fertilizer use in Iowa, as elsewhere in the Midwest, has increased dramatically over the past 
50 years. Fertilizer N application rates have increased from less than 0.2 kg N ha·' in 1945, to 90 
111 
kg N ha-1 in 1965, to 120 kg N ha-1 in 1975, to 162 kg N ha-1 by 1985, and then decreased to 143 
kg N ha-1 by 1989 (Voss,1991). 
There is no indication that the weather in 1944 - 1945 would have lead to unusually high 
N03-N concentrations in the river compared to other years. The average annual flow in 1945, 
723,710 m3 hr-1, is remarkably close to the last 11 year average of 733,580 m3 h{1 indicating that 
it was not a particularly high flow year. 
Other N sources in the basin that may have changed with time include sewage effiuent, 
legume N fixation, and manure spreading (Table 2). Total cropland in hay and alfalfa has 
decreased since 1945, thus reducing potential leguminous N input by 10.6 million kg N y{1• 
Total livestock production has increased in Iowa since 1945 resulting in an increase in annual 
manure N in the basin of about 8.8 million kg N . 
Input of livestock N to the basin could be considerable, especially from under utilized 
manure N applied in autumn resulting in high soil N03-N levels during spring rains. However, 
livestock production and feedlots in Iowa are concentrated in the eastern and western portions of 
the state (Skow and Holden, 1990). Soils in these areas of the state have higher groundwater 
N03-N levels (Hallberg, 1987; 1989) and lower N03-N levels major rivers (Hershey, 1955). 
Urban wastewater treatment has greatly improved since 1945 and was certainly a potential 
source of river N03-N in 1945. Though N03-N monitoring in 1945 was conducted up stream 
from the City of Des Moines Wastewater Treatment Plant (built in 1935), Hershey (1955) 
suggested that the high N03-N levels in the Des Moines River in 1945 may have been due, in 
part, to urban influence. However, more recent data indicates that the city of Des Moines does 
not have a significant effect on N03-N levels in Des Moines River (Bieri, 1982). Additionally, 
human contribution of N is less than 2% of the total N mineralized in the basin annually (Table 
2). 
Mineralization of soil N was estimated to be the largest single contribution of mineral N to 
cropland in 1945 (Table 2). Bremner (1967) estimated N mineralization from the organic pool to 
range from 1 - 3 % per year. Soils of the Des Moines River basin are approximately 4 % organic 
matter which would produce about 40 - 120 kg N ha-1 year-1• A conservative estimate would thus 
be 60 kg N ha-1 year-1• 
Nitrate can be removed from the soil by immobilization, plant uptake, leaching, and 
denitrification. A review of N transformations that determine the fate of N in the environment is 
found in Keeney (1989). Crop uptake of in organic N accounted for about 40 % of that formed 
in 1945 and 43% of that in 1990. The residual inorganic N in 1990 is approximately 2.5 times 
that in 1945. Poor manure management, higher soil erosion rates, and perhaps greater N 
mineralization rates due to more recent turnover of prairies or use of meadow rotations in the 
1940s may account for the additional inorganic N losses during this time period. 
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Tile drained row crops are the primary source of N03-N in the Des Moines River basin. 
Conventional com and soybean production frequently leaves the soil bare for much of the year, 
generally requires external N applications for com, and promotes mineralization of organic soil N 
through cultivation or tillage (Keeney, 1989). These practices result in the presence of high levels 
of soil N03-N by mid to late spring which is also a period of high rainfall. Tile drains short 
circuit the downward flow of water and N03-N in soil and carry it to nearby drainage ditches 
and rivers. This eliminates groundwater and wetlands from the path water would take under 
natural conditions and thus minimizes the opportunity for denitrification or microbial 
assimilation of the N03-N to occur. 
Potential Reduction of Surface Water N03-N Loading 
Agriculture in any form will allow some N03-N to move to water supplies. Alleviation of the 
existing problem of N03-N contamination of surface water in the Des Moines River basin will 
not be made by eliminating or changing one component of the system. Rather, changes must be 
made in the total farming system which reduce N03-N loss to the environment. 
Considerable research is being undertaken to reduce N losses from agricultural lands. The 
late spring soil test and the Magdoff pre-sidedress nitrogen soil test help reduce over application 
of N fertilizer by including late spring residual soil N03-N into the fertilizer recommendation 
(Blackmer et al., 1989; Magdoff, 1991). 
Maximizing the amount of time that plants are taking up soil N will minimize N loss to the 
environment (Wood et al., 1991). This may be achieved by use of alternative cropping strategies 
and fall cover crops (Russel and Hargrove, 1989; Wagger and Mengel, 1988). Use of fall cover 
crops may reduce the N03-N available for leaching in the spring and may enhance soil organic 
matter (Russel and Hargrove, 1989). 
Restoration and enhancement of wetlands may reduce the amount of N03-N in surface 
water systems (Johnston, 1991). Tree buffer strips and grass filter strips placed adjacent to crop 
fields are also being studied as possible ways to reduce N03-N loss to surface runoff and shallow 
groundwater (Leopold Center, 1991). 
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Table 1. Land use summary for the Des Moines River 
basin above Runnells, IA. 
Land Use 
Cropland 
Pasture 
Forest 
Urban, roads, 
and railroads 
Federal Lands 
Water 
Other 
Total Basin: 
Source: USDA (1983) 
Total· 
(ha) 
2,481,320 
278,740 
87,070 
169,500 
23,170 
45,190 
109,010 
3,194,000 
Percent 
of Total 
77.7 
8.7 
2.7 
5.3 
0.7 
1.4 
3.5 
100.0 
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Table 2. Sources of mineral N for the Des Moines River Basin above the 
Runnells Gauging Station, 1945 and 1990. 
Source Number of Units 
of N Source 
(head or ha) 
1945 1990 
Des Moines River 
Basin Mi~Iral N 
(kg N yr ) 
1945 1990 
----------------------Millions--------------------
Livestock+ 
. 
Swine 
3.1 4.1 28.0 36.8 
2.1 
0.7 
3.1 
1.0 
7.4 10.8 
18.2 26.0 
++ 
Cattle 
Sheep 
Humans 
0.3 @ 
0.56 
0.01 1.4 0.05 
Cropland 
Alfalfa 0.4 
Other Hay 0.04 
Fertilizer N @@1.9 
Plant Residue 
Mineralized N 2.0 
Soil 
Mineralized N 2.5# 
Cropland N (million kg N yr-1 ) 
Table 2. (cont.) 
0.65 3.4 
0.2 24.1 
0.06 1.1 
1.6 0.4 
2.6 23.8 
2.9 150.0 
199.4 
Source: Keeney (1979); Skow and Holden (1990; 1991) 
3.9 
12.9 
1.7 
218.8 
30.9 
174.0 
438.3## 
+ Livestock and cropland numbers based on state total adjusted for basin 
area, yet livestock is eliminated from the cropland total because the N 
is already accounted for in plant N. Though some feed protein is 
imported into the basin this is offset by livestock exports from the 
basin. 
++ Livestock N values assume that 500 g kg-l is lost to volatilization. 
@ Human population based on 1940 and 1980 u.s. Census for the state of 
Iowa and adjusted for the basin. 
@@ Does not include alfalfa and hay acreage which are separately 
accounted for. 
# N mineralization based on 10- Io g kg-l year-1 (Bremner 1967), soils 
of the basin being about 40 g kg- organic matter gives a range of 40 -
120 kg N ha-l year-1 , we chose to use a conservative estimate of 60 kg N 
mineralized ha-l year-1 · 
## Total N input to cropland includes fertilizer N, all sources of 
plant residue N, and soil mineralization N. 
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Table 3. Summary of number of observations per year, annual N03-N 
concentration, stream flows, weeks with No3-N in excess of 10 mg 1-1 
N03-N, and the maximum concentration of N03-N in the Des Moines River at 
the Runnells gauging station or at Des Moines (pre-1980 data). 
Watei 
Year 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
MEAN 
Number 
observ-
ations 
19 
45 
27 
22 
27 
46 
35 
33 
33 
27 
27 
31 
Additional Years: 
1945 
1955 
1976 
32 
18 
12 
Average 
N03-N 
(mg 1-1 ) 
5.3 
4.1 
9.1 
5.6 
6.6 
5.0 
7.2 
6.1 
3.8 
2.0 
6.4 
5.6 
5.0 
3.0 
4.1 
429,090 
216,190 
1,177,160 
1,096,880 
1,586,204 
423,020 
1,103,970 
658,950 
301,720 
121,300 
955,910 
733,580 
723,710 
183,910 
190,390 
Number of 
weeks with 
N03-N > 
10 mg 1-1 
1 
0 
10 
1 
2 
0 
2 
0 
0 
0 
8 
2 
0 
0 
1 
Maximum 
N03-N and 
date ~Icurred 
(mg 1 ) (date) 
10.3 
8.2 
14.5 
11.1 
10.4 
9.4 
11.1 
9.6 
6.5 
5.9 
14.4 
10.1 
8.4 
5.9 
13.0 
04/21 
06/22 
06/08 
04/25 
04/17 
05/07 
06/17 
04/21 
05/17 
06/13 
06/12 
05/19 
04/25 
04/01 
06/02 
# Water year is the period of hydrologic record from October 1 
to September 31, thus the 1980 water year starts in October 1979. 
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Figure 1. Map of the Des Moines River basin. 
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Figure 2. Regression of mean annual N03-N concentration versus flow for Runnells, IA, 1979 to 
1990 and N03-N versus flow for the single year of 1945. 
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